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SURFACES FOR A COKFiGUMTIOW 9AVDIG A 

6 - m m i - r n 1 c ~  450 SWEWBACK WING 

By Chris C. Critzos 

AE investigEtion has been  con6ucted in the -ley 16-foot  transonic 
t w a e l   t o  determine  the  lateral-control  effectiveness  of  differentidly 
deflected  horizoEtal-tsil  surfkces mounted behind & 45O sweptback wing- 
f iselage combination. Both the k-ing and the  horizontd.  tail 3 1  a,n 
aspect   ra t io  of 4.0, E. t ape r   r z t io  of  0.6, and NACA 63A005 a i r f o i l  sec- 
t ions parallel t o  the ?lane or" symnetry. The r z t i o  of the  spa^ of the 
horLzontel tail -Lo the span of the wing w a s  0.427. Force data w e r e  
obtained  for t'ne besic t a i l -o f f   con f ig ra t ion  md f o r   h o r i z o n t d - t a i l  
surfaces mom-ted at an angle or" symaetr icd  incideme of  -4'. Data were 
also obtained for Vce horizontal  t a i l  at an angle of differentid inci-  
dence of 20' with and witlout   the  ver t ical  tail. The  Vech Ember renged 

from 0.80 (Reynolds mmber of 5.4 x lo6) to 1.05 (Iieymlds n u b e r  of 
5.4 x 106) f o r  an angle-of-atta&  renge of epgroximtely 00 t o  200. 

The effectiveness  of  the  differeatidly  deflected  horizontal .  tdl 
as a lateral-control  device w a s  found t o  be essent ia l ly  independent of 
angle of  att&ck and Mach n.m%er even i n  the trmsonic  region. The roll-- 
mrnefit coefficient Cz showed about  15-percent  vaziation from %. value  of 
about 0.0075 except s.t a Mach  num'oer of 0.94. A t  a: wing angle or" ak-lack 
or" 2O., the roILing-no=nt  ezfectiveness ol" the  horizozrtd t a i l  deflected 
d i f fe ren t ia l ly  corresponded t z  t h z t  f o r  EL 30-percent  nidspan  aileron at 
a t o t d  deflection of abmt 6" f o r  &ch  numbers up t o  0.95 and t o  as high 
ES 15' at bkch mmbers between 0.96 and 1.05. Considerable f woreble 
yawing rn0meE-L was indicated a t  low v-gles of a t tack m-d the  yawing moEent 
decreased qp rec i ab ly  zrt higher angles of attack. Renoving the   ve r t i ca l  
t a i l  had negl igi5le   effect  on rol l ing  mmnt,   a l though  the yawing-moment 
and la teral-force changes were s ign i f icu l t .  
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The los s  cf effectiveness of ccrgectional fia?-tyl?e ef lerons  a t  5igh 
subsonic and a t  suqerscnic s_needs has  necessitEted  the  consideratiox of 
other  lateral-ccctrcl   devices wi t ' ?  mre   fa -orz3le  high-speed character- 
i s t i c s .  At preser-t,  cther ty-ges of ccntrcl  'oeirs  iavestigzted for use 
e.< high sFeeds include  spoilers a d  differen%ielly  iieflected  horizcntal- 
t a i l  surfaces. The ef2ectiveresa of spoilers as laterel-control  devices 
a* subsonir: end su>ersonic  speeds has beer, previous*  repcrtea ( f o r  
exmple,  refs. 1 2) .  However, al-lhough d a k  me 2resent2.y available 
on the  Iaterai-control  effectivecess of differentia-  deflecte&  horizontal- 
t a i l  s u f a c e s  Et LOW speeds ( re fs .  3 an6 4 ) very l i t t l e  dzte ( r e f .  5 ) 
e x l s t   f o r  high  scbscnic ana supersonic  speeds. To obtain  additional i r3or-  
mation 05 tine epplicabfli ty of d i f fe ren t ia l ly  &efl,ected ho r i zon td  teils 
as high-speed lateral-cortrol  devices, z short  investigation  has beell con- 
ducted ia t h e   m g l e y  16-foot  transonic  twnel of the  effectiver-ess of a 
horizontal t a i l  def lected  different ia l ly  flOO from a constzqt mm aqle 
of incidence  behind a 6-percent-thick-sweptback wicg over a Msch  number 
renge  from 0.80 t o  1.05. 

This  paper  presents tne rolling-mEent  effectiveoess  obtained  for 
tne  differentially  ciefiezted horizon%& ta i l  and includes z conqarison 
with  flap-t.ype  ailerons. The e f fec t  of the  ver t ical  tai l  on the roll ing- 
xonent effectiveness of +,ne hor izonta l   to i l  is  also  evsluated. 

All coefficients axe re fer red   to   tne   s tab i l i ty  system  of  axes w l t h  
the   or igin at the  qmrter-chord  of  the man aerodynamic chord. 
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- El free-strean Mach nunber 

base  presswe  coefPicient, pb - Po 
a_ 

P D  stat ic   pressure at base of model 

P O  f ree-s t rean  s ta t ic   pressure 

a_ f r ee - s t r em Eyumic  pressure 

R Reynolds  nunber, based on 

r fuse lage   rzdhs  

S t o t a l  w i n g  mea  

X longLtu6ind  dis tance,   posi t ive  remmrd of' fuselage mse 
- 
- a a l e  of zttack of fuselege  cecter   l iae   re la t ive  to  air Plow 

a z r  E,, E y  hcremental   coefficierts produced by d d i t i o n  of o r  
chvlges in   def lec t ion  of control  surfaces 

The t e s t s  f o r  the presen-k investigation were conducted i n   t h e  
Iangley 16-foot t rmson ic  t w e l ,  e s*gle-retxrc oc t agod   s lo t t ed - th roa t  
wind t m e l .  A detailed  description oil t h i s  twmel i s  presected  in   ref-  
erence 6.  As icdicated i n  this  reference,   the  l la xi mum variat ion of t he  
Everzge Mach nmiier along the   t es t - sec t ion   ceo ter   l ine   in   the   v ic in i ty  
of  the model i s  about k0.002. 

Tine wing--tuselage combinstion  use6 in the  present  Lnvestigation was  
shiler, except f o r  fi-zselage dhensions,   to  that used fo r  a general 
researcl.1 progrm on a 45' sweptback whg-bo6y codnination at transonic 
sgeeds (see  refs .  I and 7). The &minun-alloy w i n g  had NACA 65~006 air- 
foil sect ions  pmxllel  to the  airstrew-, 45' sveesoback of the qumter- 
chorj. l ine ,  a t ape r   r a t io  of 0.6, and EZI aspect   ra t io  of 4.0. Ordinates 
for   the  NACA 65-A ser ies   a i r fo i l   sec t ions   be  found in  reference 8. 

. 



The wing   as noanted in a nidwing position on t3e fuselage a d  had no 
geonetrfc  Txidence,  dihedral,  or t w i s - l .  The fuselage  consisted of a 
cylindrical  body of revolution, an ogival nose, a d  a s l igh t ly  bo&t-laLled 
afterboCy. T'ne f ineness   ra t io  of the f'uselage was  10.95 and the   ra t io  
of the  base  diameter t o  the m s x i m ~  dkmeter w a s  0.66, The horizontel 
t a l l  was gesxtetricelly sircilarr t o  t'ne Xing and w e s  mounted i n  tine n5d-tuse- 
l w e  posi5ior. The r a t i o  of the  spar^ of the horizontal t a i l  t o   t h e  s2an 
of the wing was  0.k27. For symmetrically  deflected  tail-surface -Lests 
the  argle of incidence was  -4' and for  dFfferentially  deflec5ed tail-  
surcace t e s t s ,   t he  t a i l  surfaces were deflected 210' fro= a constant -mea 
angle of  incidence of -bo. The hor i zon te l   t a i l  w e s  bolted t o  the  fuse- 
lage and dl gaps were f i l l e d  end fa i red  smooth f o r  each ta i l -on   coe ig-  
uration. Tne geometric de ta i l s  cf the model, inclxding a table of IYse- 
l sge   o rdks tes ,   a re   g iven   in  figure 1. A g3otoqraph or" t he   mde l   mmted  
i n   t h e  Lzngley 16-foot transonic  tunnel i s  shcwr, i n   f i gu re  2. 

&??del  Support  Systen 
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A single  swest  cantilever strut supyr t ed   t he  s-ting-n?ounted  model 
for  the  >resent  tests.  Tnis  support system, descr ibed  in   detai l  i n  
reference 7, held  the  mdel  ne= the  tunnel  center  l ine throughout  the 
w-gle-of-aktzck range. A 5O coupling between the   s t ing  and the model 
permitted  vesiaticns  in  the  angle from Oo t c  20'. 

TESTS 

The 2resent  investigation  consis+,ed of measuring the aerodynamic 
forces and xoments f o r  each model confignat ion t'mough a wide angle- 
o f - a t t ack   r age  at Mach nmbers of 0.80, 0.90, and 0.94. The maximum 
angle of attack was  lLTdted by wing root  stresses to 20°, 16O, and 14', 
respectively, for Mach n-mbers  of 0.80, 0.90, asci 0.94. A t  Mach nm5ers 
of 0.96, 0.98, 1.00, 1.03, and 1.05 date were geEerdly  obtained only u~ 
t o  loo angle of attack. 

Forces and Konents were measured by a six-component e l ec t r i ca l  
strain-gage  balmce momtea within  the  fuselege. 

The Reynolss number for  tne  present  tests,   based on a mean- 
aerc-ic-chord leagth of 1.531 feet ,  ranged srom 5 . k  x 10 6 to 
6.4 X lo6. The vaziation of Repolds aumher over t'ne speed range i s  
presented in figure 3. 
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Force-Data Accuracy 

The dsta  presented  herein were not adjusted f o r  s t i n g  and tunnel- 
wall effects   s ince  these  effects   are  h o r n  t o  be generd3.y  negligible 
within  the  present Mach  nuniber range.  Neglecting  these  possible  sources 
of s n z l l  error,  the  accuracy of the  force am3 moment coefficients,  based 
on balance  accuracy and repeatabi l i ty  of bta,  is believed t o  be within 
the  following limits: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 

CD E t  low lift coefficients . . . . . . . . . . . . . . . . .  fo.oo2 
CD a t  high l i f t  coefficieEts . . . . . . . . . . . . . . . . .  f0.004 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1to.003 
- cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.001 

c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 0 0 1  
- cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.002 

“le of Attack 

The  model angles of a t tack   re la t ive  t o  the  tunnel  center  l ine w e r e  
obtained by use of a pendulum-type strain-gage  inclinometer  nounted 
within  the  aodel and were corrected  for  tunnel flaw angularity. Based 
on repeetabi l i ty  of h ta ,  t h e   e s t b t e d  mximum er ror  in angle-of-attack 
Eeasuremnts is k0.1~. 

Base Pressure 

L i f t  and d r a g  deta  were sdjusted t o  the  condition of f r ee - s t r em 
steAic  pressure at the  model base. The vmiEtions of the  base  pressure 
for a l l  configurations which were nreasured by three  or i f ices   located 
2 iaches  5nside  the  base of the model are  presented as functions of 
angle of attack f o r  the Mach nmibers of the  present  investigztion in 
figure 4. Repeat points  obtained f o r  the  differen-iiially  deflected 
vertical-tail-on  configuration  indicated a maximum sca t t e r  in the  base 
pressure  coefficient, of 0.014 occurring at X = 1.00 and a = loo, 
which zmowr-rted t o  e drag-coefficieGt  hcrezlient of appro-tely 0.0003. 
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FESULTS DiSCUSSIOE 

NACA RV ~55126 

Data obtained in  the  present  investigation  for  the  basic  tai l-off 
configuretion and for the symmetrical tail-on  configuration  are  pre- 
sezted  without  dLscussion i n  Ziguzes 5 and 6. Figures 7 and 8 coxpare 
the  effects  of OifferentiaLly  cleflecting  the two halves of t h e   t a i l  
surfaces ami of removing the   ver t ica l   t a i l .   F igure  9 presents  the 
incremertal   lateral   forces  snd moments resLting  f rox  def lect ing  the 
t a i l  surfeces  differentially  with and  without tlcle ver t ica l  tai l .  Fig- 
ure 10 presents  the  deflection of a 30-percent-chord aileron which will 
Produce $he sane rol l ing  nment  as the  different ia i ly   def lected hori- 
zon ta l   t a i l .  

Effects or" Differential  Deflection of 

Horizontal-Tail  Surfaces 

Roiling-moment coefficient.-  Uteral-control  effectiveness of the 
d i f fe ren t ia l  t a i l  showed l i t t l e  n r i a t i o n  with angle of attack and Nach 
mx3er, and agrees  in  this  respect  si i th  the 6aia of  referezce 5 .  This 
effectiveness was essentially  constant  with  angle of attack at a value 
a2poximately O.CO7 at the lower Mach nwibers,  except at Mach n&er 
of 0.54 for  a sxal.1 angle-of-attack range,  and increased t o  about 0.009 
at  Xsch nmiers  of 1.03 and 1.05 ( f igs .   7(c)  and g(a)). 

FigJre 10 presents  the  deflecticn  (obtained by intergolation of 
data of  r e f .  3 )  required  of a 30-percent-chord f lap- tme  a i le ron   to  
prc&we cgproximateely the sane ro l l ing  noxent as the   d i f fe ren t ia i ly  
deflected  horizontal t a i l  of  the  present  tests. These deflections 
were obtained f o r  a 0.43-semispan aileron  located  outboard on a s a i -  
spar_ reflection-plane  mdel that was smaller  but  geonietrically similar 
to   t he  Eodel of the  present   tes ts .  The equivalent  deflection  of the 
single  ailerpn st an  angle  of  attack  of 2O vas  about 6O for  Mach rmribers 
q t o  0.96 and  apgrcached 15O at  the  highest ;4ach nsmber. These values 
may also be  considered t o  be to t a l   a i l e ron  de2Lection irAsmuch as   the 
roll ing  effectiveness or" reference 9 was essent ia l ly   l inear  tlrrough 
posit ive and negative  aileron  deflections a t  l e a s t  up t o  10'. 

Yawing-Tonient coefficient.- A t  low angLes of attack,  considerable 
favorable vaw w a s  ifidicated which tended t o  illcrease somewhat with Mzch ~~ 

nu<ier, but  t o  decrease  with  angle of attack  (Tigs. 7(d) and g ( b ) ) .  

Side-force  coefficient.- The d i f fe ren t ia l  t a i l  produced a posit ive 
side  force at a l l  angles 05 Ettack and Mach nunhers of the plesen-i t e s t s  
( f igs .   7 (e)  ami g ( c ) ) .  The side  force  decreased, however, with  angle  of 
a t tzck   in  the sane m e r  as the corresponding yawing mment. 
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m Other coefficients.-  Fi,gure 7(a) shows that   deflecting  the  horizontal-  
t a i l  surfaces  differentially  gecerally  decreased  the  value of lift coeffi- 
cient developed. a t  a given  angle ol" at tack,   par t icular ly  at the lower Mach 
n-mbers,  with l i t t l e  or  no change in   t he   i n i t i a l   l i f t - cu rve   s lope .  - 

Deflecting  the  horizortal-tail   surfaces  differentially  increased 
signifLczntly  the  value ol" drag  coefficient  over that of the syllimetrically 
deflected model ( f ig .  8(a)). The drag-coefficient rise w a s  approximately 
0.01 and remined  essentially  constant  throughout the argle-of-attack 
rsnge zt a l l  Mach n d e r s .  

There vas EO signif icant  change in   longi tudina l   s tab i l i ty   ( f igs .  7(b) 
and 8(b)),  although  the  results  indicate  the  mdel  trimned a t  s l i gh t ly  
lover l i f t  coeff ic ients   for   the  different ia l ly   def lected con_figuration. 

Effects of the  Vertical  T a i l  

Figures 7 through 9 also  present  the  efTect of the   ver t ica l  t a i l  on 
the  aerodJmmic  characteristics  of  the model w i t h  d i f ferent ia l ly   def lected 
horizontzl-tail   swfaces.   Since  for the present tests the left-half sec- 

section  vas  deflected  nose up, the  loads on the   ver t ica l  tai l  would be 
expected to   be   pos i t ive  OIL the  l e f t  side and negative or? the   r igh t  side, 
producing positive  incremental  side  forces  and  negative  incremental 
yawing  moments. The results of  the  present tests fo r   t he   ve r t i ca l  tail- 
011 configuration, which show a p o s r t i v e   s h i f t   i n  the side Torces 
( f ig s .  7(e) and g(c))  and a negative  shift  in  the  corresponding yawing 
norxents ( f igs .  7(d) an6 g(b) )  compared to the   ver t ical   ta i l -off   config-  
uretion,  indicate tht the  expected  loads on the   ve r t i ca l  t a i l  were 
realized. Such loads on the ve r t i ca l  t a i l  would also be expected t o  
produce posit ive  increEectal   roll ing Eoments which, fo r  the  present 
model , vould  decrease  the  negetive  rolling moment produced  by the differ- 
entially  deTlected  horizontal tail.  The r e s d t s ,  however, show generally 
negligibie chznges i n   r o l l i n g  merit (figs.  7(c) and g(e)) which indi- 
cate that the  posi t ive  rol l ing monent producedby  the loads on the   ver t i -  
ca l  ta i l  were cstncelled  by the  simltaneously  increased  roll ing  effec- 
tiveness cf tbe  differentially  deflected  horizontal  t a i l  or  tb2t  the 
center or" pressure ol" the  loads on the   ver t ica l  t a i l  vas  located  very 
near   the  horizontd axis of the  model. 

- t i on  of the  horizontal t a i l  w a s  deflected Eose down and the  r ight-half  

The positive  pitching mon?ent for   the   d i f fe rea t ia l ly   def lec ted  t a i l  
ncdei i s  shovn t o   b e  reduced  by the  addition of t he   ve r t i ca l  tail et low 
mgles  of a t tack thro-ctghout the Mach n h e r  range ( f igs .  7(b) and 8(b) ) . which indicated  thzt   the   ver t ical  tail increased  the  negative  pressures 
=ore than  the  positive  pressures on the upper  surfaces  of the al"t portion 
of the model. 
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Figure 7(a) shows  little, o r  no,  effect  on  the 1WPt coefficient 
due  to  the  vertical  tail  throughout  the  Mach  number  and  angle-of-attack 
ranges  of  the  gresent  tests.  Figure  8(a)  shows an increase  in  the  drag 
coefficient of about 0.002 due  to  the  vertical  tail  which was essentially 
cor-star-t  throughout  the  tests.  Tnis  value was about  twice  the  expected 
increase ir. drag  coefficient  due  to  skin  friction. 

It  should be added  at this poillt  that,  in  the  absence of sirmilta- 
neously  obtained  pressure  data,  the  aforenrentioned  analysis of the 
effects  of  the  vertical  tail on the  rolling  Eoment  and  pitching monent 
is based.prharily  on deduction. A complete  understanding of the  in- 
flcence of the  vertical  tail  on  lateral  charscteristics  would  requFre 
fiztlner  study. 

CONCLUSIONS 

Results  of an investigation  to  determine  the  applicability  of  dif- 
fereztially  deflected  horizontal-tail  surfaces  as  high-speed  lateral- 
ccntrol  devices  leal!  to  the  following  conclusions: 

i. The  effectiveness as a lateral-control  device  of a horizontal 
taii  deflected  differentially 2 r o ~  a constant  mea.n  angle of incidence 
was  found  to be constant or to 'increase slightly  with  Mach  num5er up 
to a Mach  number of 1.9 for  angles of attack  up  to 20°. 

\n 
2. The  roll-$&-noment  effectiveness Tor the  differentially  deflected 

horizontal  tail  'corzpared  with  that for a single  0.43-semispan,  30-percent- 
chord outbcard  aileron  deflected  to  approximately 6O on 6, geonetricaily 
similar  wing  for  Nach rimers cp to 0.96 er-d  to  as  high  as 15' for  Mach 
nmibers  between 0.96 and 1 .O5. 

3.  The  differentially  deflected  horizontal  tail  produced  consid- 
erable  favorable  yawing  monent  which  decreased  cppreciably  with  angle 
of  attack  at  alL  Yich  numbers of the  tests. 

4. With  the  horizontal  tail  deflected  differentially,  the  additior- 
of  the  vertical  tail  increased  the  side  force and yawing  moment  and had 
l i t t l e  or EO ezfect  on ro l l i ng  moment. 



- 5 .  The dreg increment kue to   control  by ciifferential  deflec%ion of 
the  horizontal t a i l  WES essezLlally  constant with angle of  &-Lack and . Xach nuxber Et a vslue of &-gproximately 0.01. 

-=gley Aeronautical  Laboratory, 
Na-Lioml Advisory Committee Tor Aeronautics, 

Langley Field, lit=. , Septezber 9, 1955. 
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Quarter-chord line-, 
Pltching-moment axis 

E 59.53 

I Wina dafa I 
Taper  ratlo 
Aspect rotlo 
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